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INTRODUCTION 


The Airdox method of breaking coal utilizes compressed air under high 
pressure and was develoved to replace explosives. It is used in Illinois and 
Indiana mines to a large extent and also has been introduced in mines in a few 


other States. 


1/ The Bureau of Mines will weicome reprinting of this paper, provided the 
following footnote acknowledgment is used "Reprinted rrom Bureau of 


Mines Information Circular 780." 
2/ Mining-Explosives Engineer, Coal-Mine Inspection Branch, Health and Sarety. 


Division, Bureau of Mines, Vincennes, Indiana. 


e522 


Google 


Pad 


C. 7480 
ACKNOWLEDGMENT 


The author gratefully acknowledges the information and ate as rur- 
nished by the Cardox Corp. - 


HISTORY 


In the early 1920's, with the adoption of mechanical mining in States 
where on-shift shocting was prohibited, it became desireble to develop some 
means of breaking coal from the face without the use of explosives. At that 
time it was thought that a pressure of 20,900 pounds per square inch would 
be necessary to break the coal. It was impossible to obtain a compressor 
that would develop this pressure; therefore, the patentees develored and 
applied the Carex methods vais ane eee waves carbon dioxide as the blast- 
ing medium. 


The Cardox pieeeean device consists of a hollow cylindrical steel shell 
with its length and diameter proportioned to allow the device to be placed in 
boreholes drilled into the coal to be blasted. The Cardox shell is filled 
with liquid carbon ‘dioxide, in which is immersed a combustible, oxygenated 
heater element. The heat energy generatei when-the heater element is fired 
electrically gasifics the liquid and builds up high pressure within the shell. 
A replaccable stecl disk is ruptured under increasing gas pressure, and the 
carbon dioxide gas is discherged ct high velocity into the borehole with 
enough pressure to break the coal. 


When experience with the Cardcx method indicated that pressures lower | 
than 20,000 pounds per -square inch would dislodge coal from a solid face that 
had been undercut, the original patentees of Cardox returned to the use of 
compressed air as a-disruptive agcnt. The early experiments were conducted 
in soythern Illinois by using a 4-stage,-motor-driven compressor capable of 
developing a pressure of 15,000 pounds per square inch. The compressed-air 
device known as the Energy Air Miner made use of a steel shell similar to a 
Cardox shell, exccpt that the disk was rurtured by compressed air instead of 
carbon otoxtde: ‘and no heater element wes used. 

Coincident with the wake on the eakeass ats Miner, the Safety. Mining Co., 
now known as the Cardox Corp., began-similar. work with an entircly different 
type cf shell. A shell was developed with a piston valve to permit release 
of the air at the back of the borehole at any desired pressure, depending on 
the estimated amount of coal to be broken. This is the mcthod now marketcd 
under the trede name of Airdox. 


| Airdox utilizes a valve release whereby air under high pressure is dis- 
charged into a borehole by opening a valve in the copper line that conducts 
the compressed air to the working face ond closing the valve after a predetcr- 
mined pressure has been cltained in the Airdox tube (commonly called oa shell, 
but designated by the manufacturer as the Airdox tube). The valve release 
should be installed in the copper tubing at a safe distance from the Airdox 
tube that has been inscrted in the drill holc. 
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An Airdox tube consists of a hollow steel chamber of suitable length ami 
diameter to permit placement of the device in a borehole drilled in the coal 
to be broken. The Airdox tube is capped at the outby end and contains a tube 
‘top nose to protect the copper tubing where it enters the Airdox tube, a pis- 
ton, a piston rod, a epherical slide valve, and a valve scat. When air pressure 
is applied, the forward movement of the piston, piston rod, and slide valve 
causes the compressed air to be trapped in the Airdox tube. On releasing the 
Sir at the charging end, the piston moves the spherical sliding valve away 
from the valve seat, which causes a sudden discharge of air at the back of 
the borchole owing to the large drop in pressure. 


Air at pressures of 10,000 pounds per square inch or more is conducted 
from compressors by means of stecl air lines and copper tubing to places of 
application. 


Among the safety features with the use of Airdox are: No spark or flam 
is necessary to discharge the Airdox tube; the dangers of handling and storing 
explosives on the surface, underground, and in the face regions are eliminated; 
also, the Airdcex tube is inactive wntil charged with compressed air. A dis- 
advantage is the hazard resulting from the rupture of a compressed-air line, 
which will thrash about and may injure persons or raise mine dust into suspen- 
Sion until the compressed air can be shut cff. _ 


The terms "shooting" and "blasting" are not applicable to Airdox; a more 
accurate description is "breaking." Shooting or blasting, as used in the case 
of explosives, due to the instantancous release of the gaseous products at 
high pressures tends to shatter, tear, and rend the coal, whereas the action 
of Airdox is more a displacement of the coal by e@ comparatively slower discharge 
of the compressed air. The air under high pressure tcnds to force the coal 
from the face by constant pressure rather than by sudden shock, which results 
in a pronounced shattering effect. 


Both for safety and efficiency in breaking coal, at least two free faces 
must be provided. This is acccmplished by undercutting, centercutting, or 
shearing. The free faces give room for displacement of the coal, an important 
factor in producing better commercial sizes of the final product. Undercutting 
is the common practice where Airdox is now being used. 


DESCRIPTION OF AIRDOX EQUIPMENT AND INSTALLATION 


The most recent installations of Airdox consist of 5- and 6-stage com- 
pressors capable of developing a pressure of 10,000 or more pounds rer square 
inch; moisture and oil traps; steel air lines with an outside diameter of 1 
inch and inside diemeter or 5/8 inch, previously tested to a pressure of 20,000 
pounds per square inch, to conduct the air into the mine and to the working 
sections; flexible copper tubing with 3/8-inch outside diameter and 7/40-inch 
inside diameter to conduct the air from the steel air lines to the working faces; 
special steel Airdox tubes for confining the compressed air in boreholes; a 
ecries of valves for controlling the flow of air; and pressure gages to indi- 
cate the air pressure delivcred to the working areas. 
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In most of the recent Airdox installations, the compressors are on the 


surface (fig. 1). 


They nave either 5 or 6 stages and are driven by 50-horse- 


power direct- or alternating-current motors by which the air is compressed to 
10,000 or more pounds per square inch. 
use are being TEPLACeS: with VD aeteGe compressors. 


When a 5-stage compressor is used, 


First stage to 


second stage to , 


Third stage to 
Fourtn stage to 
Fifth stage to 


When a 6-stage compressor 


First stage to 
| Second stage to 
Third stage to- 
Fourth stage to 
Fifth stage to 
Sixth stage to 


ho 
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2,700 
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is used, 


35 
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The few 5-stage compressors now in 


the steps are anproximately as follows: 


square 
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the steps are approximtely as follows: 


pounds 
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square 
square 
square 
square 
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inch 
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.-In a few mines, the Airdox compressors are underground. -At'all installa- 
tions, the frames of the compressor motors are grounded, and the motors are 


protected with compensating starters 


and overload relays. 


Where they enter 


the mine, the steel air lines are grounded to a metal rod driven into the - 
earth. The compressors are equipved with automatic pressure unloading devices, 
which are set to function at predetermined pressures. 


When pressure drops in the air lines owing to consumption of air, the 
automatic starter will operate upon a reduction in pressure of 500 to 700 


pounds a square inch. 


Each compressor 


is also equipped with a pressure micro- 


control switch for breaking the cirtuit on the holding coil of the megnetic 
contactor that operates the compressor. 
the contactor that operates the comprcssor when a pressure of 10,000 pounds a 


square inch is obtained. 


compressor rooms and are kept locked. 
vidual micro-control ‘switches, the master switch is activated and makes all 


compressors jnoperative. 


The micro-control switch releases 


Master micro-control switches also are installed in 
In the event of tampering with the inli- 


The air at a pressure of 10,000 pounds per square inch is conducted from 
the compressor to oil and moisture traps (two stecl cylinders set on end, 


fig. 1) through a short piece o2 3/8-inch flexible copper tubing. 


The traps 


serve principally to catch sediment, oil, and grease and also as storage space 


for a small amount of air. 


They should be blown out daily to free them of any 


foreign matter to prevent the impurities from entering and clogging the air 


lines. 


bottom, where the sediment collects. 


The traps are set upright: and blow-off valves are attached near the 
The traps should be set inside the com- 


pressor rooms; otherwise the sediment has a tendency to thicken during cold 
weather and will not flow freely when the blow-off valve is opened. 


~ hk. 
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Figure |. - Surface Airdox room and compressors (front view). 


*0QA} XOpJ1y CEZ-1 Ajqueesy - °7 910614 


todeey IeqzbeT 30H T - 6 
saatos dvo ‘py ‘xeq aOTTON *ST .T x ‘O°M Oc t/t & - LT T0q7908T WET - 9 
“PU OM OT = 4a/E - WM FOOT T - OT eqeTd etisug tT - 1 

“pa °NOq QT/T-T - wm wg, T - CT “Tm! T- 9 

eeou doz eqn, T - #1 por woweTd T - ¢ 

doy eqn T - ET HOTU? ,OT/T X¥ “a'O 49/EZ-2 X ‘aI ye > SWABWO E - 5 

tedecq soyqjuet dn) [ - 21 wes eatwma T - € 

zeqgvet any tT - IT £o0q CML TI - Z 

Wo3std T - OT devo esveToy T - T 


ES9 yyBua] 12-4209 


ANNAN. \S SAA AAAS SA AAAAAAAAAN 
Veh di VN 


BAAS AS AAS SS OASASMMMANY ARS 


OPI LLLLLL/, 
Ws) mal 
) —.. —__ YQ La 
CLLLTINTTILZ AA LA ag R OT SIS 
SOS ELL 
T T T 


ZXOCKNY 


“gS 


CO EAST 
D> <O . BRA ica A 5 SSS EES EEE EE EPSEES 


WABUULBRAULAUABABVABARSDAVART EAH, 


IWS 


Google 


"paso|d aA[eA ‘aqny xopsly JO UO!}OaS SSO4) — “tf aanbig 


¢ 
; 
yt 


Salis inns 1 cae eT RD NS Te gall 
Cina tt 7) hai pie ems eS pe le Vb oat Ree wi ve Gas = 
E oe cs oe - wee - 


suado OAjeA ‘aqn} XOpsly JO UO1}D9S SSO1) - °F oanbiy 


Hite is PIERS Fo 


Google 


For pressure gage 


oe 


\ 
==\ 


SS 


SS 


SSS 
a 


“ie 


ih 
Y- 


LLL 


Air release ports 


Ui. } Air release plug Air release 
OZ IILIIID c rece 
PE PARI AGORA RROD IS TORIC, (i wrench 
ES I Sey 4 ( 


CZF 
To Airdox 
tube 


g 
NN 
Ml 


Gr IT 


if eee 
Yt» WSS To high pressure air line 


Figure 5. - Details of blow-down valve. 
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A short piece of 3 /8- inch flexible copper tubing joins the top of a trap 
with the l-inch steel line through a solid steel-block connection. The steel 
lincs carry compressed air to the working sections of the mine near the places 
where it will be used to break coal. The steel lines are generally installed 
in nonheulage entries parallel to the main- ani secondary-entry haulage roads 
and are buried under the tracks or fastened to the roof where they cross 
haulage entries. The steel lines showd be isolated from all power wires and 
should be insulated effectively where they cross bare power conductors to 
insure against active or stray currents. The lines are usually covered with 
é-inch plank where they pass under haulage tracks. Compressed air lines 
Should extend as néar as practicable to the working faces (not more than 300 
feet from a face). to eliminate the need for extensive copper tubing, but steel 
air lines should not extend into FOOne,, even though the rooms may be more than 
300 feet in length. 


. From the end of the steel lines, copper-tubing is used to conduct the 
compressed air to the working faces where the coal is to be broken, The copper 
tubing is installed along a rib of the room to kcep it away from haulage tracks 
and power wires. Ono copper line is commonly used for a group of two or three 
working faces. 


The assembly of an Airdox tube is shown in figure 2, and a brief descrip- 
tion of the various parts and their functions follows: An Airdox tube top 
nose (14) piece is threaded onto the intake end of the Airdox tube body (2) to 
protect the comper tubing where it enters the Airdox tube at the charging end. 
Also, at the charging end and on the inside of the Airdox tube is a piston 
(10) equipped with a piston rod (5). Into the front end of the Airdox tube is 
threaded a release cap (1) equipped with a valve scat (3) and portholes simi- 
lar to those in a Cardox shell. ‘The piston rod’ (5), equipped with a valve 
(6) at the discharge end,fits into the valve seat (3) when pressure is applied. 
Figures 3 and 4% show the valve in open and closed positions, respectively. 

The compressed air enters the Airdox tube through copper tubing at the charging 
end and builds wp rressure in the small outer chamber of the Airdox tube, thus 
causing the piston (10) to move forward and scat the valve (6) at the valve 
seat (3). As the pressure continues to increase in the small outer chamber, 
the air passes around the piston (10) into the large inner chamber. As soon 
as the desired pressure in the Airdox tube is reached, the floating plunger 
at the blow-down valve (fig. 5) is closed by the operator.: When the air- 
release valve at the blow-down valve is orened, it releases the pressure in 
the copper tubing between the blow-down valve and Airdox tube and the trapped 
air in the small chamber. This causes the piston (10) to move backward, 
because the area of the piston is slightly larser than the area of the valve 
seat, opening the valve (6) at the valve seat (3) and permitting the air in 
the large chamber of the Airdox tube to escape at high velocity through the 
release-cap (1) ports into the drill hole with surficient pressure to break 
the coal. 


_ A description of the various xinds of equipment used in an Airdox installa- 
tion and Airdox tube has been given, but this would be incomplete if valves 
and other connecting material were not described oriefly. Suitable unions are 
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installed in all steel lines at varying irtervals, depending on the method of 
mining followed; however, an interval of not more than 500 feet has been found 
to be satisfactory. Valves are generally instelled in the steel air lines at 
1,000-fcot. intervals to facilitate bleeding the lines i? they should become 
blocked or if it is necessary to work on the lines. By installing the valves 
at frequent intervals, the compressed air can be shut off, and a comparetively 
short length cf the line can be bled without draining the entire system of con- 
pressed air. Cut-off valves are installed in the branch lines, near the main 
steel air lines, and also at the inby ends of all steel: air lines. 


From the ends of the steel lines, flexible copper tubing with reducers, 
tees, end unions is used to conduct the compressed air to the working faces. 
Valves are provided at the junction of the stcel lines and copper tubing, and 
intermediete valves are insertcc, in the copper tubing between the junction 
valves and blow-down valves. When rooms are comperatively short, the inter- 
mediate valves are not neccssary. Normally, 50 to 100 feet of flexible copper 
tubing is attached to an Airdox tube, and such length of tubing is usually 
emple for safety of the operator when breaking coal, because crosscuts usuelly 
are made at frequent intervals where Airdox is used. 


USE OF AIRDOX 


Although the application of Airdox differs somewhat from the use of explo- 
sives and Cardox, the importance of proper face preparation for the efficient 
and safe use of Airdox cannot be over-emphasized, The use of Airdox does not 
change the cycle of face operations; the places are cut and drilled in the 
usual manner, The number of holes and their locations in the face depend upon 
conditions, type of loading equipment used, and cheracteristics of the coal 
bed. The final determinetion will be the result of trials. 


Valuable assistance in Ceveloping the proper practices in breaking coal 
can be rendered by service men skilled in this work. The preparation of the 
coal face in a workmanlike manner, pulling down loose roof and coal, squaring 
corners, and eliminating all dangerous overhanging material are as important 
in breaking coal with Airdox as when blasting with explosives or other blasting 
devices. The cutting or shearing of coal, or both, and maintaining the place 
properly with respect to the "sight lines" are equally important in breaking 
as in blasting coal. Keeping the cut or shear reasonably free of machine cut- 
tings and water tends to increase efficiency and safety in breaking the coal. 
The drilling of an adequate number of properly placed boreholes is also impor- 
tant. Reasonable precautions should be exercised when breaking coal to see 
that the holes are not drilled on the solid, in the root, over heavy rock 
binders or shale, or in tight corners to avoid the possibility of flying Air- 
dox tubes. 


Following the proper face preparation and drilling of boreholes, the Air- 
dox tube and attached piece of flexible copper tubing are brought to the work- 
ing face that is to be breken. A blow-down valve is attached to the end of 
the copper line in © crosscut, and 50 to 100 fcet of copper tubing is extended 
from the blow-down valve to the Airdox tube. It is importart that the Airdox 
tube and copper tubing be kept away. from the track, drill truck, power cables, 
or other electric equipment, and any source of stray electric current. 
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One of the chief advantages in the use of Airdox is that it does not add 
any undesirable fume, smoke, or gas to the atmosphere in a working place, 
The release valve should te installed where the ribs and roof are sound, at 
least 45 feet from the working face, and around a+ least one right angle with 
the center line of the place in which the coal is to be broken, The operator 
Should make certain that all crosscuts and other approaches are guarded before 
attempting to use Airdox. When the pillar between adjacent places is less 
than 10 feet in thickness, all men should be removed a safe distance from such 
places tefore the compressed air is released. In placing the Airdox tube in 
@ drill hole, it should be pushcd to the back of the hole and then withdrawn 
&® few inches to form an @ir cushion. Washing or cleaning coal dust thoroughly 
out of the drill holes will reduce the amount of dust thrown into suspension 
after cach discharge of air. — . 


An indispensable accessory in breaking coal with Airdox is the blow-down 
valve, the details of which are shown in figure 5. Immediately before turning 
on the air at the blow-down valve, the air-release plug is tightened in the 
closed position; the user gives vocal warning and then opens the floating 
plunger valve slowly to permit the piston rod in the Airdox tube to seat 
properly before the floating plemger valve is opened wide. The floating 
plunger valve is left open long enough for the Airdcx tube to develop the 
desired pressure, which is registered on the pressure gage attached to. the 
blow-down valve. This may require ebout 20 seconds. A second warning is 
given, the floating plunger valve is closed, and the air-release plug is 
loosened with the air-release wrench to permit the air in the copper tubing 
between the blow-down valve. end the charging end of the Airdox tube to escape 
at the air-release ports. This releases the trapped air suddenly from the 
Airdox tube at the capped discharge end and breaks the coal so that it can be 
loaded readily without wndue shattering. The floating plunger valve is left 
in a closed position and the air-release plug remains loose until the Airdox 
tube is placed in the next boreholc. This procedwre is repeated until all of 
the coal in a working plece has been brceken. After dislodging the coal, the 
copper tubing is disconnected either at the blow-dow valve or at the Airdox 
tube, then both it and the Airdox tube are dregged to the next place of use. 
Dragging eliminates the necd of excessive coiling and uncoiling the copper 
tubing. It is important that the copper tubing be examined frequently for 
kinks and weaknesses; replacements should be made when detects are found. 

The part of the copper tubing that is attached to the Airdox tube is affected 
most by frequent coiling and wncoiling and requires periodic replacement because 
of the dangers from kinking and resultant failure of metal. The Airdox tube 
should be disconnected from the copper tubing when not in use, and the tubing 
should be coiled and placed in a sare place. , 


From 40 to 80 seconds are required for each discharge of air. After each 
discharge, a fog is evolved, owing to the sudden release of the air at a work- 
ing face. This fog soon disappears. In breaking coal with Airdox, if there 
is a tendency for a discharge to delay slightly more than the usual length of 
time necessary, the Airdox tube should be taken out of service and repaired to 
eliminate delayed or missed discharges. Delayed and misscd discharges can be 
greatly reduced by mintaining the Airdox tubes properly, keeping valves and 
valve seats in gocd condition, using copper tubing of ample strength, using 
efficient release valves, and having well-prepared connections at the lines 
and Airdox tubcs. 
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Often Airdox-tube jtes chambers (fig..6) are constructed so that the 
Airdox tubes can be tested before using to break coal. The chambers are made 
of concrete and are valuable in mintaining the Airdox tubes in good condi- 
eats 


The mines in Indiana and Illinois in which coal is broken with Airdox 
utilize a room-and-pillar system and have many similar natural conditions 
and operating methods. The coal is loaded entirely by loading machines. 


Disregarding the initial investment and operating cost of Airdox, it 
might be well to compare it with ordinary explosives. Drilling when using 
Airdox is more difficult, because more and larger holes are required than for 
explosives. The use of Airdox increases the amount of equipment for mainten- 
ance and repair. The general belicf? of those using Airdox is that the broken 
coal is much firmer, with much less degradation from handling, than the same 
coal shot with explesives. An advantege in favor of breaking coal with com- 
pressed air is that the standing face and ribs arc less disturbed than when 
explosives are used, so that the hazard from falling face or rib coal should 
be reduced. In States where the use of explosives during the working shift 
is prohibited by law, the use of the Airdox method of breaking coal permits 
more rapid advancement, particularly with development, because more than one 

"cut" of coal a shift can be loadec in each working place. 


Figures 7 and 8 and 10 to 13 show various steps in the use of Airdox in 
two mines. Figure 9 shows the blow-down valve and pressure -indicating gage. 


PRODUCTION AND ACCIDENTS 


From 1938, when Airdox was first used, to the end of 1947, 41,704,000 
tons of coal was broken by means of it. During this period, one fatal acci- 
dent wes attributed directly to its use. This record is somewhat better than 
that with explosives and other blasting devices. Lost-time injuries from 
using Airdox are caused principally by ruptured air lines and coal flying 
from a PG TECEA DES of air. 


HAZARDS IN TH UsE OF AIRDOX 


The chief hazard introduced by the use of Airdox is the possibility of 
injury to persons from ruptured steel or copper air lines or that a ruptured 
air line may thrash about and raise mine dust into suspension wntil the com- 
pressed air can be shut off. 


The frequent coiling and uncojiling of the copper tubing weakens it, and 
straightening the kinks is hazardous, particularly if high-pressure air is 
in the tubing. To overcome the. danger from failure of the copper tubing, it 
should be replaced at the first sign of weakness. Under no circumstance 
should work be done on the copper tubing until the line is “bled” of compressed 
air. 


A possible cause cf rupturing air lines is "pitting" due to power leaks, 
especially where the sir lines cross bare power wires er effective insula- 
tion is not provided. An arc or short circuit to an air line may cause & 


2522 +6 


Google 


pines ey 


Figure 6. - Airdox-tube testing chamber. 


oogle 


UO 


: See eases Rrence a a 


Figure 7. - Inserting Airdox tube into a borehole, Mine 
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Figure 13. - Coal breaking completed, Mine B. 


I.C. 7480 


hole to be burned in it, resulting in a rupture. The installation of air 
lines along haulage entries presents a hazard because a wrecked or derailed 
trip may break a line and cause it to thrash about with consequent raising 

of mine dust into suspension. However, an advantage in the use of the steel 
and copper lines is that they do not fly into pieces but split longitudinally 
when ruptured. 


CONCLUSICNS 
Some cf the safety advantages in the use of Airdox are: 
1. No spark or flame is necessary to discharge the Airdox tube. 


2. The attendant hazards when explosives are stored and handled on the 
surrace, underground, and in the face regions are eliminated. 


3. The Airdox tube is inactive until compressed air is admitted to it. 


4, The comparatively slow action of compressed air disturbs the roof 
and rios less than when explosives are used. 


5. Airdox tubes rarely leave the boreholes upon discharging, but if one 
does, the covper tubing has a tendency to retain them within a few feet of 
the face. 


6. Objectionable fumes, smoke, and gascs are not present at the face of 
the working place after each discharge. One can safely return to the face 
inmecdiately. 


7. Good visibility is maintained because only @ small amowt of dust is 
thrown into suspension. 


8. As compressed air is available at all working faces, men behind a 
barricade mey be ablic to obtain a supply of fresh air from the lincs in the 
event of disaster. In September 1944, a local gas ignition occurred in a 
mine where Airdox was used, and an cmployee claims to have saved his life by 
crawling to a blow-down valve, opening it, and breathing the escaping com- 

ressed air. The employee, a loading-machine operator, was about 120 feet 
from the origin of the explosion and was knocked down by it. On reaching a 
nearoy blow-down velve, he partly opened it and covered his head with a piece 
of brattice cloth, putting his face near the escaping compressed air. 


A few additionai advantages, other than safety, gained from the use of 
Airdox are: 


1. Substantial decrease in the amount of minus 2-inch coal, particularly 
the minus 1/4-inch size. 


@. Production of ccal with & ?irmer structure. 


2, "On-shift" breaking of coal, in States where blasting with explosives 
is prohibited during the working shift, expedites development. 
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